Objective: To ascertain whether a different regulation and sensitivity of the hypothalamic±pituitary± adrenal axis exists and whether a type of cortisol resistance is present in rheumatoid arthritis (RA) patients, a chronic disease in whose pathogenesis modi®cations of the steroid milieu are involved. Design: We studied the basal and dynamic response of ACTH and adrenal steroids to various stimuli acting on the hypophysis or directly on the adrenal gland. Methods: We studied ten RA patients (39.8 6 7.4 (S.D.) years), de®ned according to the American Rheumatism Association, and seven healthy control patients (34.1 6 9.6 (S.D.) years). All subjects underwent testing, in random order, with placebo, desmopressin (DDAVP) (10 mg i.v.), ovine corticotropin-releasing hormone (oCRH) (1 mg/kg body weight) and low-dose ACTH (5 mg i.v.), during the follicular phase of two different menstrual cycles. Blood samples were collected at different times for ACTH and adrenal steroids assay. Baseline estradiol (E2), testosterone and IGF-I levels were also evaluated. All subjects collected urine specimens for 24 h urine free cortisol (UFC). Results: No difference in E2, testosterone or UFC was found between RA patients and controls. IGF-I levels were signi®cantly (P < 0.01) lower in RA patients (110.6 6 6.4 mg/l) than in controls (207.0 6 37.9 mg/l). Mean baseline dehydroepiandrosterone (DHEA) and D4-androstenedione levels of the four tests were signi®cantly (P < 0.05) lower in RA patients than in controls. In RA, a negative correlation was found between mean DHEA levels, class of disease (r À 0.67, P < 0.05) and erythrocyte sedimentation rate (r À 0.63, P < 0.05). After placebo no difference in ACTH and cortisol area under curves (AUCs) was found between RA patients and controls. After DDAVP no cortisol or ACTH response was found in RA patients, while a signi®cant (P < 0.05) ACTH release was found in controls. Only in RA patients was DDAVP able to induce a signi®cant (P < 0.01) DHEA increase. After oCRH a similar signi®cant response in ACTH (P < 0.05), cortisol (P < 0.01), and DHEA (P < 0.01) was found in both groups. After low-dose ACTH, a similar signi®cant (P < 0.01) cortisol response was found in both RA patients and controls; indeed in RA patients DHEA AUC (2196.0 6 321.8 nmol/l per 90 min) was signi®cantly lower (P < 0.01) than DHEA AUC (4280.8 6 749.0 nmol/l per 90 min) in controls. A similar signi®cant (P < 0.01), though not abnormal, 17-hydroxyprogesterone response to ACTH was found in both groups. Conclusions: Our study underlines reduced adrenal steroid and IGF-I levels, but not the previously described cortisol resistance in RA patients; it shows that baseline and dynamic cortisol levels arè normal' but inadequate in the setting of a sustained in¯ammatory disease like RA. The reduced basal and low-dose ACTH-induced DHEA levels could re¯ect both a reduced sensitivity of the adrenal gland to exogenous corticotropin and a decreased steroid synthesis due to a partial adrenal enzymatic defect (P450 17,20 lyase).
Introduction
Rheumatoid arthritis (RA) is an immunological disease whose pathogenesis involves modi®cations of the steroid milieu. It is generally accepted that RA patients show reduced adrenal steroid levels when compared with healthy subjects (1, 2) . Indeed, it has been shown that androgen replacement in male patients with RA and low serum testosterone levels is able to improve the clinical features of the disease (3) . There is considerable evidence that the hypothalamic±pituitary±adrenal (HPA) axis contributes to the inhibition of in¯ammation and that adrenalectomy and glucocorticoid antagonists exacerbate in¯ammation in animal models (4, 5) . It is well known that hypothalamic and pituitary factors such as corticotropin-releasing hormone (CRH), arginine vasopressin (AVP) and adrenocorticotropin (ACTH) are involved in the regulation of the HPA axis. Indeed, these central peptides (CRH, AVP, ACTH) and insulin are usually used to study HPA axis integrity. Literature data on the capacity of 1-deamino-8-Darginine vasopressin (DDAVP), a synthetic peptide with a longer life and less pressor activity than AVP, to stimulate ACTH and cortisol release in humans are controversial (6±10), while it is well known that this peptide is able to release cortisol in ACTH-dependent Cushing's disease (11) . Indeed, low-dose ACTH testing is claimed to be the most reliable tool to assess subtle adrenal insuf®ciency (12) .
The aim of our study was to evaluate the response of ACTH and adrenal steroids to DDAVP and low-dose ACTH testing in ten premenopausal RA patients and seven age-matched healthy controls to uncover any differences in the regulation and sensitivity of the HPA axis and to con®rm the presence of cortisol resistance in RA.
Subjects and methods
We studied ten patients (39.8 6 7.4 (S.D.) years) who had RA according to the criteria of the American Rheumatism Association (13) and seven age-matched (34.1 6 9.6 (S.D.) years) healthy women as controls. At the time of evaluation, no patient with RA was on glucocorticoid therapy or had received intra-articular injections of glucocorticoids during the 6 months prior to the study. Non-steroidal anti-in¯ammatory drugs were withdrawn 3 days before the study, which was approved by the local Ethics Committee.
In RA patients, we collected blood samples for erythrocyte sedimentation rate (normal range 2±15 mm/h) and C-reactive protein (normal range 0±5 mg/l).
All patients underwent stimulus testing, in random order, with placebo, ovine CRH (oCRH) (1 mg/kg body weight), UCB, Brussels, Belgium), DDAVP (10 mg) (Minirin, Ferring, Malmo Èe, Sweden) and low-dose (5 mg) ACTH (ACTH 1±24, Synacthen 250 mg, Ciba, Huningue, France). Blood samples were collected at the following experimental times: À60, À30, 0, 15, 30, 60, 90 min. The stimuli were administered i.v. as boluses at time 0. During each testing, blood samples for ACTH and cortisol assays were collected. Blood samples for dehydroepiandrosterone (DHEA) assay were collected at À60, 0, 15, 30, 60, 90 min. At 0 and 90 min, blood samples for D4-androstenedione assay were collected. At each ACTH test time, blood samples were collected for 17-hydroxyprogesterone (17-OHP) assay. Baseline samples were collected for estradiol (E2), progesterone, insulin-like growth factor-I (IGF-I) and testosterone assays. Moreover, all the patients collected specimens for urine free cortisol (UFC) assay and underwent early morning and late afternoon blood sampling for ACTH and cortisol.
Tests were started at 1200 h, when the HPA axis secretion tends to decline, to improve the sensitivity to the test and avoid misinterpretation of the results. Tests were performed in a random order, 2 days apart, in the follicular phase (3rd±5th day) of two different menstrual cycles; at the beginning of each test, a ®ne needle was inserted into the forearm and kept patent by a saline solution. ACTH, cortisol and E2 were assayed as already reported (8) . UFC was assayed by RIA for cortisol, after extraction with dichloromethane. Testosterone was assayed by RIA (DPC, Los Angeles, CA, USA). Assay sensitivity was 0.1 nmol/l; the interassay coef®cient of variation was 5% at 3.5 nmol/l, while the intra-assay coef®cient of variation was 11% at 2.8 nmol/l. Plasma IGF-I was assayed after acid± ethanol extraction according to Barreca et al. (14) . DHEA was assayed by RIA (Diagnostic Systems Laboratories, Webster, TX, USA). Assay sensitivity was 0.03 nmol/l. The intra-assay coef®cient of variation was 3.8 ng/ml at 9.0 nmo/l and 2.7% at 34.1 nmol/l, while the interassay coef®cient of variation was 8.6% at 9.0 nmol/l and 3.8% at 33.5 nmol/l. Cross-reactivity of the DHEA antiserum with DHEA sulfate was 0.02%. 17-OHP was assayed by RIA (Immunotech, Marseille, France). Assay sensitivity was 0.2 nmol/l; intra-assay coef®cient of variation was 6.5% at 3.0 nmol/l and 5.5% at 20.5 nmol/l; the interassay coef®cient of variation was 8.3 at 1.7 nmol/l and 7.4% at 11.2 nmol/l. D4-androstenedione was assayed by RIA (Diagnostic Systems Laboratories). Assay sensitivity was 0.1 nmol/ l. The intra-assay coef®cient of variation was 5.6% at 2.5 nmol/l, and 4.3% at 8.1 nmol/l. The interassay coef®cient of variation was 9.8% at 2.1 nmol/l, and 6.0% at 7.0 nmol/l. Area under curves (AUC) 0±90 were calculated by trapezoidal integration. In accordance with Todd & Lawrence (15), we de®ned a signi®cant response to oCRH as an increase of 50% or greater in the value of ACTH and an increase of 20% or greater in that of cortisol with reference to baseline values. Data were expressed as means 6 S.E.M. if not otherwise speci®ed. Statistical analysis was performed by a twoway ANOVA strati®ed on the basis of the effect of the groups studied, the tests carried out and the repeated measures. The procedure used was the SAS general linear model procedure. Statistical analysis of E2, testosterone, UFC, IGF-I and 17-OHP data was performed by unpaired Student's t-test. P values were expressed when they fell between 0.001 and 0.20. Statistical signi®cance was assumed at P < 0.05.
Results
No signi®cant difference in age, body mass index, testosterone and mean E2 levels of the tests was found between RA patients and controls. IGF-I levels were signi®cantly lower (P < 0.01) in RA patients (110.6 6 6.4 mg/l) than in controls (207.0 6 37.9 mg/l). Baseline and peak levels of ACTH, cortisol and DHEA during testing are shown in Table 1 . Within each group, no signi®cant difference was found in baseline ACTH and adrenal steroids except for DHEA levels in placebo and DDAVP tests (Table 1) . In RA patients, mean baseline DHEA (11.4 6 1.0 nmol/l) and D4-androstenedione (4.3 6 0.5 nmol/l) levels were signi®cantly (P < 0.05) lower than in controls (17.7 6 1.4 nmol/l and 5.8 6 0.5 nmol/l respectively). Early morning cortisol levels were slightly, but signi®cantly (P < 0.05), higher in controls (527.7 6 29.8 nmol/l) than in RA patients (363.8 6 42.8 ng/ml). Both groups showed a signi®cant diurnal cortisol rhythm, while only controls showed a signi®cant ACTH rhythm. No difference in UFC was found between RA patients (206.7 6 39.7 nmol/24 h) and controls (181.3 6 42.8 nmol/24 h). After placebo, no signi®cant difference in ACTH (P 0.20) or cortisol AUC was found between RA patients and controls (Figs 1  and 2 ). Baseline DHEA levels were signi®cantly (P < 0.05) higher in controls than in RA patients (Table 1) while DHEA AUC during placebo was slightly, but not signi®cantly (P 0.10), higher in controls than in RA patients (Fig. 3) . After DDAVP administration no signi®cant cortisol response was found either in RA patients or in controls (Table 1, Fig. 2) , while a signi®cant (P < 0.05) ACTH increase was found in controls (Table 1, Fig. 1 ). No signi®cant DHEA response was found after DDAVP administration in controls, while in RA patients DDAVP was able to induce a signi®cant (P < 0.01) DHEA release (Table 1) . However, incremental DHEA AUC after DDAVP was slightly, but not signi®cantly (P 0´10), higher than DHEA AUC during placebo, being similar to controls (Fig. 3) . After oCRH administration similar signi®cant ACTH (P 0.01) and cortisol (P < 0.01) responses (peak and AUC) were found in both RA patients and controls (Table 1, Figs 1 and 2 ). ACTH and cortisol AUCs were signi®cantly (P < 0.05) higher after oCRH than after placebo in both groups studied (Figs 1 and 2) . After oCRH administration, a similar signi®cant (P < 0.01) DHEA increase was found in both RA patients and in controls (Table 1, Fig. 3 ). After low-dose ACTH testing, a similar signi®cant (P < 0.01) cortisol and DHEA response was found both in RA patients and controls (Table 1, Figs 2 and 3) . Indeed, DHEA peaks after ACTH were signi®cantly higher (P < 0.05) in controls than in RA patients (Table 1) as were DHEA AUCs (controls 4280.8 6 749 nmol/l per 90 min, RA patients 2196.0 6 321.8 nmol/l per 90 min, P < 0.01) (Fig. 3) . After the low-dose ACTH test, a similar signi®cant (P < 0.01), though not abnormal, 17-OHP response was found in both groups. After oCRH administration, four RA patients and three controls complained of facial¯ushing; while after DDAVP, two RA patients and three controls complained of facial¯ushing and slight headache.
Discussion
It has recently been suggested that a dysfunction of the HPA axis can contribute to the development or persistence of in¯ammatory disease (16) , an hypothesis supported by ®ndings in animal models of RA (5). In humans, evidence for the anti-in¯ammatory effects of the HPA includes the exacerbation of RA by the administration of metyrapone (17) . Few studies on HPA axis function have been performed in humans with RA, and conclusions are con¯icting. Increased basal ACTH levels and an ACTH response to oCRH similar to controls have been reported in RA patients treated with low-dose steroids, while this response was higher than in controls when the steroid was withheld; indeed, baseline and oCRH-stimulated cortisol levels were normal (18, 19) . Recent literature data have shown no signi®cant difference either in 24-h integrated ACTH and cortisol levels or in oCRH-stimulated ACTH and cortisol levels between RA patients and healthy controls (20) . Our ®ndings are in agreement with these latter ®ndings. These data could represent a partially reduced cortisol output in the setting of sustained in¯ammation involving an increase in levels of cytokines (especially 296 L Foppiani and others EUROPEAN JOURNAL OF ENDOCRINOLOGY (1998) 138 * P < 0:05 vs RA; ** P < 0:05 vs basal; *** P < 0:05 vs RA; **** P < 0:01 vs basal. o P < 0:01 vs basal; oo P 0:01 vs basal; ooo P < 0:01 vs basal; oooo P < 0:01 vs basal; Ã P < 0:01 vs basal and P < 0:05 vs RA; Ã Ã P < 0:01 vs basal.
interleukin (IL)-6), which are known to be potent central and peripheral activators of the HPA axis (20) . On the other hand, the similar, though not abnormal, 17-OHP response to ACTH in RA patients and in controls found in our work implies that an enzymatic defect (i.e. P450 21-hydroxylase) is not responsible for the`inadequate' cortisol levels found in RA. During DDAVP administration we found no ACTH or cortisol responses in RA patients, while we found a signi®cant ACTH, but not cortisol, increase in controls. While it is well known that DDAVP is able to stimulate ACTH and cortisol in ACTH-dependent Cushing's disease (11) , literature data on ACTH and cortisol responses to DDAVP in normals are controversial (6±10). However, DDAVP probably possesses, per se, a slight ACTH releasing activity whose statistical signi®cance seems to depend on many variables (time of sampling, baseline ACTH levels, drug dose and way of administration). In our work the absence of a signi®cant ACTH and cortisol response to DDAVP prompts us at least to exclude that, unlike in Cushing's disease, V3 receptors are overexpressed in RA. It nevertheless remains dif®cult to EUROPEAN 
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Desmopressin and ACTH testing in rheumatoid arthritis 297 explain the discrepancy between ACTH (present) and cortisol response (absent) to DDAVP in controls; a possible hypothesis is that the peptide is able to induce a signi®cant, but only transient, ACTH release, which is unable to cause a signi®cant cortisol increase. Standard ACTH testing has been used for many years to diagnose adrenal insuf®ciency (21) . The commonly used ACTH dose (250 mg) is clearly`supraphysiological', and may induce false-positive cortisol responses, and thus be unable to distinguish patients with subtle adrenal insuf®ciency. Indeed, low ACTH doses (1±5 mg) are able to detect subtle de®ciencies of the HPA axis (12, 22) , even if literature data about the ability of 1 mg to elicit maximal cortisol stimulation are controversial (23) . We therefore used a 5 mg ACTH test to study adrenal reserve in RA patients, and we found no difference in cortisol response between RA patients and controls. This ®nding suggests that adrenal cortisol reserve and sensitivity to exogenous ACTH are preserved in RA, even though cortisol output can be regarded as insuf®cient in the setting of a sustained in¯ammatory process. In our work, mean baseline DHEA levels of the tests were lower in RA patients than in controls as already reported by some authors (1, 2) but not by others (24, 25) . Indeed, we found a signi®cant but transient DHEA increase after DDAVP administration in RA patients but not in controls. It is dif®cult to explain clearly this ®nding. Interestingly, however, previous literature data have shown that the diurnal rhythm of AVP is upregulated in RA, and that the excessive AVP production possesses a proin¯ammatory action in arthritis-prone Lewis rats (26) . So, the DHEA response to DDAVP could reveal a dysregulation of the AVP system. No difference in DHEA response to oCRH was found in our subjects, while a signi®cantly reduced DHEA level (peak and integrated area) after low-dose ACTH was seen in RA patients compared with the controls. This ®nding seems to offer a dynamic con®rmation of the reduced adrenal steroid secretion present in RA and could imply both a reduced adrenal sensitivity to low-dose ACTH stimulation and a decreased synthesis. In fact, it is possible to hypothesize that the reduced baseline and ACTHstimulated DHEA levels found in RA could be partially due to a decreased adrenal P450 17,20 lyase activity. It is well known that androgens are positive regulators of the growth hormone (GH)±IGF-I axis (27) . Previous literature data have shown that, in comparison with controls, RA patients have, almost signi®cantly, reduced plasma IGF-I levels and clearly reduced plasma IGF-II and insulin-like growth factor-binding protein-3 levels which, however, are increased in synovial¯uid (28) . Previous literature data have shown a blunted GH response after growth hormone-releasing hormone in RA patients when compared with controls, and this ®nding might be due to the increased IL-1 levels found in these patients which is known to stimulate somatostatin synthesis and release in rat hypothalamus (29) . The reduced IGF-I levels found in our RA patients might not therefore be merely secondary to a chronic illness such as RA, but might be due to multiple factors such as a reduced activity of the GH±IGF-I axis and a passage of the peptide from the circulation to the synovial space (28) . Finally, while con®rming the reduced adrenal steroid levels in RA, our study did not con®rm the previously described cortisol resistance, thus suggesting that baseline and dynamic ACTH and cortisol levels may be`normal' but inadequate in the setting of a sustained in¯ammatory disease. The reduced basal and low-dose ACTH-induced DHEA levels could re¯ect both a reduced sensitivity of the adrenal gland to exogenous ACTH and a reduced steroid synthesis due to a partial adrenal enzymatic defect (P450 17,20 lyase). In the pathogenesis of the reduced IGF-I levels multiple factors (central and peripheral) might be involved.
